INTRODUCTION
Products and systems containing nanosized components have received progressively increasing attention. Nanostructured polymeric products turned out to be quite promising in many areas, such as electronics and information technology, catalysis, and materials for biomedical applications. A wide use of polymeric nanomaterials requires the development of new effective processes for their fabrication. The point is that the most widespread process flow for the manufacture of articles from polymers, which comprises the synthesis of macromolecules at the first step and polymer processing at the second step, is usually unsuitable for the fabrication of nanostructured materials. One of the approaches to tackling this problem is merging the synthesis of macromolecules and the preparation of a nanostructured product into one step, i.e., its direct synthesis. There is a wealth of examples of the use of this approach for the manufacture of polymer compositions on macroscopic and microscopic scales in polymer technology. These are the fabrication of materials and composites from curable oligomers or organic glass immediately in molds and polymer dispersions (latexes) via emulsion or microsuspension polymerization. However, passing to the preparation of nanostructured entities will undoubtedly require the development of new methodological and engineering approaches.
In this paper, we consider results that have been obtained for the most part at the Polymers-for-Biology Laboratory of the Institute of Bioorganic Chemistry in studies of the synthesis of nanostructured systems and of their properties as biomaterials. As nanostructured objects (nanocomposites), polymeric coatings of a nanoscale thickness on porous and flat substrates and polymeric shells on nano-and microparticles are considered.
NANOMETER-THICK POLYMER COATINGS ON POROUS AND FLAT INORGANIC MATRICES
The statement of this problem was determined by the circumstances that the design of new biomedical materials, such as chromatographic sorbents for bioseparation and bioassay and matrices for immobilization of bioligands, biocatalysts (enzymes), biosensors, etc., suggests interaction between the matrices and biological nanosized entities (molecules and particles) on the one hand and is fully consistent with current trends in the development of bioanalytical (as a rule, instrumental) techniques toward higher miniaturization and automation on the other hand.
Porous or flat solid matrices have become a typical workhorse for such systems. Polymeric matrices ensure a high chemical stability, prescribed adsorption properties, the presence of required functional (anchor) groups, and biocompatibility; however, they generally do not possess a sufficient rigidity and are unsuitable for preparation of structurally homogeneous mesopo- rous systems ( d pore ~ 10-100 nm). In contrast, inorganic matrices (based on silica, alumina, and other oxides) make it possible to obtain morphologically perfect rigid mesoporous and nonporous matrices; however, they do not ensure a sufficient chemical diversity of the surface layer structure; the presence of appropriate functional (anchor) groups; prevention of nonspecific sorption of biological molecules and particles; and chemical stability of the matrices themselves, especially, at high pH values of the medium. The widely practiced surface modification of inorganic matrices with organosilicon compounds eliminates these disadvantages only partially. In [1], we proposed an approach that makes it possible to combine in one material the advantages of inorganic and organic polymer materials. The idea of the approach consists in the deposition of uniform polymer layers of 2-10 nm thickness with different chemical structures onto the surface of inorganic matrices, resulting in a nanocomposite material whose surface will behave as the corresponding polymer in contact with biological molecules and particles and its rigidity and morphology (porosity) are determined by the initial inorganic matrix. The direct synthesis of such nanocomposites suggests that macromolecule synthesis reactions will occur in conjunction with the formation of homogeneous polymeric coatings of a nanosized thickness, including those strongly (chemically) bonded to the matrix on the inner pore surface.
Modification of Solids with Polymer Nanolayers as a Process
The structure (morphology) of such a polymer-modified porous material (composite) in comparison with a morphologically more imperfect composite of the same gross composition is sketched below.
For modification of porous matrices (materials) with polymer nanolayers, various macromolecular reactions in surface layers of solid matrices and chemically different monomers, oligomers, and activated polymers were used. Some examples are given below.
The graft polymerization of tetrafluoroethylene (TFE) on residual radicals generated on the surface of an inorganic support by the action of γ radiation or ozone 
